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Module No: 
U3AAWS 


^ ■ 




Approx. Time: 




i 








n hours 





Mo.dule Title: ' . - 
I'htemediate Ion Exchange. Softe n i ng 



Subfnodule Title: 



Topic: 

Summary / ^ 



(^bjec^ives : qpon coffipletion ofV/bis- module^ "th^ partiJipant viiM be able to; 

1. ^ Describe/the operation. of Khasic ion exchange softener, ' 

2. Describe the maintenance of a basic ion exchange softener, ^ 

3. Identify >process problems, 

4. N^DesN'gn an ion' exchange softener. 



Ins^tructionart Aids: 

1, Handout' 

2. Transparencies #1-^28 



Instructioi|al Approach: 
Discussion and Class Problems 



References : • 

Manual of Instru^tiort for Water Treatment Plant Operators 
i>ttea1th Education Service ^ ^ ^ 

2, ' Manual of Water Utility Opera*tors » Texas Water Utility A^soc, 

3 , Elements of Ion Exchange / Kun4 n ♦ . . . ' ^ 

4, Ion Exchange Resins , Kunin 

5,, Recommended Standards for Water Works , 1976, Health Education Service 



Class Assignments: 

1, ' the participant will read Handout 

2, - The participant will work Problems #1 



Page '3__ 
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•lodule No: 
II3AAWS 



Topic:; 
Summary 



Instructor Notes: 



1 . Distribute Han<iout 



2. Present Transparer^es 

* 7 . 



Instructor OutHne: 



1. Discuss the operation maintenance, design 

, and. process problem ie^ntif ication of an •* 
ion exchange softener.- >. 

2. Give evaluation of 30 questions. 





Module No: 






/ 


• II3AAWS ' ' 




Approx. Time: 








. 1 hour 
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Module Title: ^ ' "T"^^ 

. Inter^edrate lori Excl^ange SoftenTng , 



Submodule/title': 



Topic: ' 
fn'troduction- 



— ^w-v, . , . ^^f^^M. v-ynifv I ci, (J r i.itii uupii,, uic j^Q f L 1 1, 1 p d 0 1, will oe dDie- Lo: 

1. .Describe the principles of -Ion Exchange SoftWing/ 

2. Describe the -prevejitartive maintenance of a-basic ion exchange softener, 

3. Describe the laboratory control necessary for ion exchange. 

4. D'escribe' the safety i^uirements for i'.on exchange softener.. 



Instructional Aicis 
- In-- 



1 
2. 
3. 

4. - 

5. ' 
6. 



Handout - Introduction 
Transparency #1 - Softening Reactions 
Tt^ansparency ,^t- Regeneration -Reactions. 
Transparency #3 - Preventative Maintenance 
Transparency #4 - Laboratory Control 
Transparency #5 - Safety - 



i ■ 



\ 



Instructional Approach:. 
Discussion 



References : * • / ^ - 

1. Manual' of Instruction for Water Treatment Plant Operators , * ' 

Health Educati.on Service ~' ' ] ' 

2'. MaVual of Watfer Util ity .Operators /Texas .Water Utility Assoc/ 
3* Elelfnents of Ion .Exchange , Kunin* ' * * . ' . 

4. Ion Exchange Resins > Kunin • / 



Cla-ss Assignments: • - « » 

1. The participant will read Handout IntJ*^duction 
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Jopic: 
Introducti on 



Instructor Notes: 



-1. " P.r:eser\.t Traiosperency #1 

2. -PreserrhTransparency #2 

3. Present Transparency #3 

•X 

4. Present Transparency #4 

5. Present Transparency #5 



Instructor Outline- 



Li: 



1. Hevl^w the principles of ion exchange ^' 
t softening. * . « = > 

2. Review the' principles of regeneration , 
of ion exchangevspftening. - ' 

3. Review the preventative maintenance 

• ^ progr-am for anion exchange softener. 

4. Review the laboratqry controrfor an' 

ion exchange softener;' * 

5. Review the safety requiremertts for an 
ion exchange softener. ' 

<" _ - * 



\ 
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Mo'dttle No: * 
II3AAWS 


Module Title: * ' • 

•LiiucinicuiaLc lUil LaUiIuM^c OUlLcilliI^ 


Submodule TitTe:, ^ \ ^ « 

- * . • ^ / 


Approx. Time: 
3 hours V 


Topic: ^ , • . 
\Design Evaluation ' i 



1. Evaluate the design of an. exist;itrg iop exchange softener 
Z Calculate the economics of an ion 'exchange softener 



Instructional Aids : i 

1.. Handout.- Design, Evaluation *^ \ 
,2. Transparency #6 - Component^, of Softener' ' 
3. Transparency #7-9 - Ten State? Standards for Sqfteners 
,4. 'Transparency #10 - C9mponents * of BrHne Tank 

Ten Spates Standards for. Brine Tank 
Trouble Shooting' 



5. Tnansparency #11 



'6. Transparency #1? 



Instructional Approach: ; 
Q^iscussion and Class Problem 



Refe>;£nces : , ' - • " 1 ^ 

1 • Manual o'f Instruction for Water TreatmenH^nt Operators > 
' -Health Education Service 

2. . Manual of Water Utility Operators , Jex^s Water Utility Assoc. 

3. Elements of Ion Exchanog^ Kurvin 

4. Ion Exchange Resins > Kiyiin 

5. RecofTTiiendad Standards W^t^n^^ks . 1^76, Health Education 'Service 

. . ^ i ■ 



Class Assignments : 

K Th,e participant will^ad Handout - Design. 

2, The participant will work cla^s Problem #1 ^ Design Evaluation arid 
Economics of Operation. ? - * * , 



V ... 
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^^lodule No,: 


Topic: 




> , 0 


II3AAWS 


Design 'Evaluation * . . , * • • 


Instructor Notes: ~ ' 


0 


Instructor Outline: ' ' • * 


1- Present Trans paVency #6 


1. 


Review the components of the , softener^ 


2. : Present Transparency #7-9 


2. 


Discuss the Ten States Standards in relation* 
to sof teener* design evalua'tion. 


3. Present Transparency #10 


3,. 


Review the co/nMnents of the brine tank- 


4.' Present Transparency #11 


'4. 


Discuss the Ten States Stand^r^ds in relation* 
to brine tank design evalution.' / 


5. ^ Present' Class Problem #K 

Work problem with class 
^ participation, 


5. 
• 6. 


Discuss cost of softener operation and 
* economy of operation. , 

Chfetk Exchange Capacity \ 








Total Capacity = OK -20 000 Qrain<;/ft'^ 
20^,000 X 90 = 1,800,000 grains/gal " 
total gallons treated will be: '* 






c 


TT2^^r?T.65)'= 90,000 gals OK 








Check flow 'rate 

' ' 9 '\ 
Xross sectional area ='>19.6 ft \^ v 

Average flow = 80,000 = 56 qpm 

^ C60)(24) 








0 






downflow. rate = 56 =2.9 gpm/ft OK 
19.6 

Peak flow: * , 


^ *- 






157 ? " ' 
jg'6.= 8.01 gpm/ft^ high 

Backwash : ^ ^ * 
]g 5 = 5 gpm/ft -^^w 
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Module. No: 

\ 

ifSAAWS 



Topic: 

Design Evalution 



Instructor 



Notes> 



Instructor Outline; 



.'4 



eheck' Brinetank j 
salt needed ' ' ^ '\ ^ ^ 

.3 lbs/ 1000 grains refnove,d ' ^ - - <> 

,-.(80,000)(f9.9) '= 1,59?, 000 grains 'rembve^ 

' .•.1 ,592 X .3 =^477. lbs salt 

50 to 60 lbs/ft^ 'salt • . 

477/5Q = 9.54.ft^ salt ' * '" 

Tank s'ize is 3.14' x 2ft^ x 4 ft = 50 ft^- 



EconomiCs 



OK 



t 

.3 . 



at 20,00p grains/ft i.t is operated 
at 2/3 maxjpium capacity. , 

• need 477 lbs of sal t 
A cost will be (^77/^^^ ($1.45) = $8.65/day 



or «.65/gQ = J vll/ 



1000 



ga^s 



Therefor^, the conclusion is: ' ^ 

The softener is hydraul i cal ly over loaded 
during peak flows which may result in 
poor water (^jality. ^Otherwiss, J:he design 
is adequate": 
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Module No: ^ - 

• 

II3AAWS' 


Module Title:^ • . * . - - 
Intemedio^te* lon'-EHcliarTge Softening • . * . " . 


"Submodule Ti tie: * ^ • >• 

— — — — y — ■ . — - 1 — — — . . 


Appr'ox-. Time: 
2 Hours, ■ - 

1 ' < 


Topic: _ , *. , 

Advanced Operation (Trouble, Shoot'ing) ' , ' • 

: -A' ^ • • . . 



1. Diagpose and describe solutions to reduced flow problems • ' . 

1. Diag'r^ose and descri.be* solutions to loss of capacity preblem^^^ 

3, - Diagnose and' describe solutions to slow regeneration -problems', 

4, Diagnose and describe solutions blown bed probilejns. : 



Instructional 'Atds-:. ^"^ ~ 

1. Handout V Advanced Operation (Trouble Shooting) 

2. Transparency m -Reduced Flow Problem 

3. » T ran spanenisy .#13-14 - 'Reduce'd Capacity Problem 

4. Transparency #15 - Slow Regen*eration ProbJerrl, 

5; Transparency \16 -vBTown B^d Problem ^ ' . ' 



I ns t ru ctional Approa'cK: 

f 

Same ^ . " * 



.\ 



References : 
S'^Uje^- 



V 



l- 



j Class - Assignme nts :^^ 
\ S^me : ' 
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Module No: 

1 « 


Topic: 


T"^ — • • — ^ 


1 IISAAWS 


Advanced Operation (Trouble Shootin-g)- ) 


Instructor Notes: 


Instructor Outline: ^ ^ ' ^ • 


' 1. Present Tr€insparency^#12. 


1. Discuss the problem of. reduced flow through- 
the softener and the solutions to the probleir 


2. Present Transparencies #i; 
#14 


3- 2. Discuss' the problem of lost- capacity and the 
solutions to the problem; 


3. Present Transparency #15 


3. Discuss the- prol)leifi of slow regeneration 
and the solutions to the problem^ 


4.' Present Transparency #16 

* 


r 

4. Discuss the problem of "blown bed and the 
Solutions to the p.r%blfem. 

1 

V 






a 








1 




> * * 

« 
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• — 


"1 


* ^ f ^ 

?• 

•'a 

) • ■ > • 
• ^' * 

■3 - ■ . ■ , ■ 



Pag'e.n of .' 



MSy.ule Nov ' . 



,II3AAWS" 



Si- 



4 hour 



Module Title: 



Intennediate Lon Exchange Softening 



Submodule Title: 



/ 



Equipr^ent Maintenance" and Repair* . 



Objectives: Upon completion of this topic, the participant v^ill be able to; 

1. Descpbe auxiliary equipment usedn'n ion exchange^ * 

2. Diseuss advantages and disadvantages of auxillary^equipment 



Instructional Aids : 

1- Handout - Equipment Maintenance and' Repair 

2. Transparency #17 - Sensors ' . , 

3. Transparency #18-19- Valves 

4. Trarisparency #20-28 - Automatic controls. 



Instructional Approach; 
Discussion^ 



References : * / - - - ' *^ - - 

1 - Manual of Instruction for Water Treatment Plant Operators , 
Health Education Service ^ ^ 

2. . Manual of Water Utility- Operators , 'Texas^ Water Uti 1 ity'.Assdc! 

3. Elements of Ion Exchange , Kunia ' 

4. Ion Exchange i^esinj^- , Kunin ■ ^ 



Class Assignments: " ^ / ^ ^ ' 

1. jiThe participant win read Handout -, Equipment Maintenance and'Repair »• 



s 
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f-lodule No; 

U'3AAWS 
Insti^uctor Notes: 



Topic: ' . ' 

Equipment Maintenance and Repai r 




9\ Present Transparency #25 



Instructor Outline:. 



\ 



1. Preserit Transparency #17- - I 1 

2. Present Transparency #18 2. 

\ 

3. Present- Transparency, #19 3. 



4. Present Transparency #20 

M 5. Tresent Transparency #21 
< 

6/ Present Ii^ansparency #22 



•Discuss the different types of continuous 
monitors. Discuss problems, calibration 
and the lack of real need for the sensors. ' ■ 

Discuss the different types of valves used' 
, to control softeners. Discuss the advantage 
and disadvantages of each.- Stress the fact 
that the most' common valve used is the 
water operated. 

Discuss in detail the worl^ings- of the water 
operated valve. Disduss the maintenance and 
repair of the valve. 

4. t)iscuss in general the two major types of 
controls used in ion exchange softening. " 

5. Discuss the typical solo, control instaUat-iT)n 
Review the various valvbs .and their purj^ose. 

6. 



7. Pf^eseht Transparency #23 J 7, 

8. Present Transparency #24 .8. 



.p>scuss the operatidh of the solo control " 
Discuss how it works and what is going on 
wi.th the control in "each 'position . ' 

Discuss in detail the worl<:ings of tfee solo' 
control. Discuss -the maintenance and rebair 
of- th^ control. . • ■ 

Discuss the typical stag&r instal latioQ.- 
Discuss- what is happenii>§ with the stager 
and the various valves during different 
/Operations'. ' . ■ . ■■ . 



9. Discuss the ijiteraction between the stager 
and the w^er -operated valve 'both to- open 
3nd close. 



10.. Present Transparency' #26 .10. 



Discuss in detail the' workings of a typical ' 
stager control ..Di,s cuss the -maintenance and 
repair of the control. . . • 

f 
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'*lodu1e No: 


Topic: 






liSAAWS-- • 


Eqjiipnlent Maintenance and Repair 






Instructor Notes; 


Instructor Outline: 







11. Present Transparency #27 11 



Discuss the operation of »a multivalve- . 
assembly. Discuss what is happening 
with the various valves during "different 
operations. \ 



12/ Present Transparency #28 



12. Discuss in, detail the workings' of a typical 
multi-valve assembly. Discuss the mainte- 
nance and repair of the un'it: 
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Module No: 



II3AAWS 



/\pprpx. Time:, 



iModule Title: 

Intermediate Ion Exchange Softener 



Submodule Title: 



Topic: 

Evaluation • 




i3' 



Objectives: ' ■' ^ ■ ^ ' " ■ -il 

the participant should be able to answer correctly 25 of the'^30 questions 
as,ked . ' / i 



Instructional Aids: 
Mohe • ^ 



7^ 



^Instructional Approach: 
ExamjnatiQn 

r 

References : 
None 



\ 



V 

•A' 



.Class Assignments: 
None . ^ 
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Topic: 
Evaluation 
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Instructor Notes : 



Ins true tpr Outline:' 



ll- ^Distribute exam. Each 

participant is to complete 
the exam indep^endently 
and with no books or notes, 
Collect after 1 hour. 



/ 
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, TRANSPAR-EI^CIES 
' for 

Training Module II3AAWS 




• \ 



'1 



R Eg l FMI o; } r ea c ti q:!$ 



ExHAUTcD Exchange Sodium Chloride 
Ca I ' 



(Salt) Solution 
Jl + *2 flA Cl — 



: Sodium 

B(CHANGB ^0). 

« • 

^ flAoK + 



I'lASTE 

Brine 



Clo - 



\ 
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; Transpareimgy U3AAVIS 7 in " 



■ K 



r 



PRFVRITATIW fV\T;ITFl!Anr.F 



.a. ' mcgtrate recqrd of performance ' 
* 1. Periodic capaci-ty checks 

. 2. PERItoC BRINE FLOW CHECKS ' - 

B. Keep all pArts vEU-Wir^ED'-To pkevent corrosion-, ' • 

C. Properly treat units v^hen wev-AREiAiD up - 

1. For ABOvt freezu^ temperatures 
\ Af Eack'-.'ash Am regeneraie / 

b) LeAX'PA VALVE OPBi TO RELB^SE ANY PRESSURE !^aiLDUP 

2. For delo-.-/ freezing tbJ^eratjres , . - * 
a) Dackv/ash ' '•' '. 

' b) Fill tatnIK with strong brine . •■ 

c) Leave a valve open to release a';y -pressure' builliup 
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TRANSPARENCY JBAAWS -#3- 



liBQRffilSmiEQi 




a. phys^cal 

1. Tb^iperature - Final 

2. Pressure loss through softener 

B. ChB'Iical 

1. /"U^LINITY - FlNAL-^ ■ 

2. TotAL AND CALCIUf-1 HARDNESS Raw FINAL 

3. . Total Dissolved Solids - Final- 

P-v.-FlE^L . ^ 

5. Soap. Test - Final ■ 



4^ 



^3 



tJLmmmmmm i x mj m 



Electrical Safety ■ . ' ■ • 

jl. .pms USE GROUi^ED OR DOUBLE INSULATED ELE^^RICAL TOOLS VVHEN 



V/ORKING ON SOFTENERS. 

^ If SOFYeNER has /\UTOmTIC C0i\TR0LS ALIVAYS CONNECT TO m 'APPRO- 
PRIATELY GROUNDED OUTLET. REPLACE AT^Y 'a-ORN OR FRAYED Pa£R CORDS. 



Z.I 



" B. LiFTir^6 Heavy Salt Bags • • ' 

1. ' ALmVS LIFT FROM THE KNEES TO PREVENT PERSONAL' INJURY.' 

C. Eye Protection ' ' ' ■ ' 

. ■ 1. !^Ums wear eye protection VWEN HAr^LlNG -salt OR V.0RKIN6 AROUr© 
. THE BRINE TANK. - ' - 

2. If salt-^ets into^your eye/ flush "V'/ith a large ouAhfrm of fresh 

WATER. . . 



V 
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. K'isic cq"?o:e.ts of a sofeer 



1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 



Inlet ^alve 

B§cl;\/ash contro-1 valve 
Out>et valveNs^ 
Backv/ash outlet- valve ' 
Brine 'to .v/aste valv^ 
Brine contro.1 valve 
Bottom manifold 
Top manifold » * ' 





to V0>***t STSTCM 




t 



. . SOFTEKtR EXTERNAL VIEW 





TO 10» 



•oTTow View 
7 
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SOFTENER INTERMAL VJEW ' 



TBI STATICS STOIO APDS FOR SOFfBIERS- 



4A2.CatTon exchange process * • ^ c * ' - 

Alternati>^ methods of hardness reduction should be Mnvestigated when the sodium 
, content and dissolved solids concentration is of concern. Iron, manoar^se ' or a 
CGfnbmat.on oi th^ two, .should not^-^xceed 0.3 milligrams per liter in \h^ watef bs 
applied ^o the /oo exchange .^esia Pre-treatment is required when A content of 4ron 
manganese, or A cc^binatiort of ^e^ two. is^one^ milligram per liteV or more > 



The unMs' may be of pressu/e or gravity type, of either an^upflow or*do\S^nfIow 

design.- Automatic regeneration -'based on vblume of waier~softened should be used 

unless .manual regeneration's justified* an.d is approved by the reviewing authority, A 
manual override shall be provided oh all automatic controls, " ' • * 

4.4.2.2 Exchange capacity ' ' ' * . - \* ^: 

The design capacity for hardness removal should not exceed 20.000^' grains p^ cubic 
foot when resin is regenerated with .0,3 pounds of salt per kil^raiji of hardness 
removed. ^f^" 



'4.4.2.3 peptf^ of resin 



The depth of the exchange resih 'should not be less tharr::^ee feet. ^"''^ 



4.4.2.4 Flow rates 



•The rate of softening should not exceed seven gallons per minute per square foot of. 
bed* area and the backwash rate should be six to eight gallons per minute per^square 
foot of bed area. . * 



4.4.2.5 Freeboard * , ^ 

The freeboard will depend upo"n the specific gravity of the resin and^the drrectiort 
of water flow. , . . ' * 



4l4.2.'6 Undehirains and -supporting gravel 



^ ^ The bottoms, strainer syt^t^ms^ and. support for the exchange resin shall conform to 
criteria providecj^for rapid rate gravity filters, (see Sections 4.2,1,6 arxJ 4.2.T,7), 



2^ 



TRANSPAREfA:Y II3MV/S - if7 



4.4.2.7 Brine distribution 

Facilities should be included for even distribution of the brine over the entire 
surface of both upflow and dovynflow units. 

4.4;2,8 Cross connection control ' r 

BackwasJi, rinse and air relief discharge pipes should be tnst'alled in ^ch a manner 
as to present any possibility of back -siphon age. * ^ , I ' 



4.4.2«9 Bypasl 



A. bypass must be provided around softening units Xo produce a blended water of 
desirable hardness. Totalizing meters must be installed "on the bypass line and on 
each Softener unit. An autpmatic proportioning or regulating device and* shut-off 
valve should be provided on the bypass' line, Jn some installations it may be 
necessary to treat the bypassed water ^to obtain acceptable levels of iron and/or 
manganese in the finished water, - t 



4.4,2.10 Additional limitations 



*m 



Walter? having five units or more turbidity should not be applied directly to the 
cation exchange softener. Silica 'gel resins should not be used for waters having a pH 
above 8.4 or containing le^s than six milligrams per liter silica and should not be 
used when iron is present. When the apfSlied water contains a chlorine residual. the 
cation exchange resin shall bfe a type that -is not damaged by residual ^chlorine. 
Phenolic resin should not be used. _ ^ 



4.4.2«11 Sampling taps 



Smooth-nose .sampling *^taps must be provided for the tollection of representative 
samples. The taps shall be l^ated to provide^ -^or* sampl/ng of the softener influent, ^ 
effluent and blended water. The sampling ^taps for the. blended water shall be at 
least 20 feet downstream' from the point of blending. Petcocks are not acceptable asD 
sampling taps. 
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■fBj STATES Simm FOR 'SCFTEICRS 

4.4.2.14 Stabilization 

I " . 

Stabilization for corrosion control shall be provided. (se#-Sect5op 4.8;5). ' 
* 1/ * * 

4.4.2.15 Waste dispdsal 

. r* ' 

'Suitable disposal must be provided for brine waste, (see Section 4.11)/ ^ 

\ t ; . • ; - 

4.4.2.16 Construction niaterial*'*' 

Pipes and contact materials must bl? resistant to the aggressiveness of salt . 
4.4.?!l7i Housing ' * 

Salt storage shall be enclosed and separated- from othe/ operating areas in order tO 



prevent damage to equipment. 



4.11.2 Brine waste 



\ 



The, waste' from ion exchange plant$, demineralization plants, etc. may be disposed of by 
controlled discharge to a stream if adequate dilution flow fs available. Stream requirements * 
of the regulatory agency will control the rate of discharge. Except when discharging to 
large waterways, a holding tapk oi suffucient size should be provided to allow the brine 
to be discharged over a tvventy-four hour period. Where discharging'to a sanitary sewer, a* 
holding tank may be required to prevent the overloading of the sewer, and/or interference " 
with the waste treatmeot processes. The e,ffect of brine discharge^to sewage lagoons may 
depend on the rate of evaporation frortD the lagoons.* 
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' BASICCQf^PQ:jSf^S.OFAERIrjFTA:ll( 




J 



i . ' - ' > RATE SET VALVE' 

JtO valve NEST..^ ^^^p ^^p^t^^^ RAW WATER SUPPLY 



EJECTOR 



BRINE COLLECTOR 



r 



■3" :.ilN. 



■ 



(^ATE ^ VALVE. 




>*-OVERrLOV/ 



■>3 'SUPPORTS ' 
^^^BY OTHERS 
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' 1E\ STATES StA'JDARDS FOR BRINE TA'IK 



4A2.12 Brine and salt storage tank$# 



4'* 



, ^ Brine measuring or salt dissolving tanks and wet .salt storage facilities must be 
covered and must be constructed ^of corrosion-resistant material. The make-up water 
, -inlet must have a free-fall discharge of two pipe diameters above the maximum 
liquid level of the unit or be otherwise protected from back-siphonage. Water for 
filling the tank should be distributed* over the entire surface by pipes above the' 
maximum brine level in the tank. The salt shall be supported on graduated layers of* 
^ gravel under which is a suitable means of collec^ng the brine. Wet salt storage 
basins must be equipped with manhole or hatchway openings having raised curbs 
and watertight covers having overhanging edges similar to those required for 'finished 
, water reservoirs, Overflow, where pfoirided, must be turned down, have a proper free 
fall distharge, and be protected with corrosion-resistent screens or self-closing flap 
valves. 

4,4.2,13 Salt storage capacity " ^ > 

Salt storage should have sufficient capacity to store in excess' of 1'/, carloads of 
truckloads of. salt, and provide for at least 30 days of operation. 
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EQLBLrSHOOfP'G 



PRm^' (1) - .Reduced Flow Through Softemer 



Prorari f rAiigp Tl) 
Remedy 

Probably Cause (2)" 
Remedy 



PRORAg 



ly Cause (3) 
'emedy 



Prorari y 0\use (^) 
- ^b-iedy 



UCK OF 'PRESSURE AT SOFTENER J NLET . 
IriSTALL BOOSTER OR INCREASE 

pipe size suppling softener. 

'Clogged screST • 

Clean or replace- all wye screens 

and/or screens located in the 

METER. 

^LOGGED mNIFOLD 



/jAckplqw at© c-lean.with sodium 
hydrosul^ide. ' ^ ' ■ 

iNSU^FICIEhfT aACKV!ASH 
I'.'HEN A SOFTENER HAS NOT BEEN 
BACK!»!ASHED SUFFICIENTLY THE' 
' ZEQLITE BED BECOMES PACKED AND 
DI'rTY,. To CLEAN T+€ ZEOLITE 
CLOSE' ALL VALVES A^D REMOVE TWIHOLE 
• OR HAhDHQLE IN THE TOR OF THE 
y^FTENER. GRADUALLY OPEN BACKl'iASH 
^ VALVE, LETTING VIAIER PLOW OUT THE 
-^I^HOLE OR HANDHOLE Uf-rTlL THE TOP 
OF THE ZEOLITE to ISifJEARLY LEVEL 
, WITH THE MANHOLE-^TH l-lATER FLOWING 
'OUT QF THE MANHOLE, PROBE THE ENTIRE 
ZEOLITE BED ABOW THE GRAVEL LAYER 

WITH A ROD. .Stir amy packed sections 

UNTIL THEY ARE FREE. CONTINUE TO 
LET THE WATER FLOW FROM THE "MANHOLE' 
UNTIL IT COMES CLEAM. " , * 

CWIQNj.^ Take garb not to wash out * 

" ■ A^JY .'ZEOLITE. 




- (• 
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PniJBLE SfmiNG 



PROBm^l (2) - Loss OF. Capacity 



Probable C^use (1) 

^MEDY 

Probable Cause (2) 

^ °£MEDY ■ 



•Probable Cause (3) 
' , Remedy ' ' 



PRCfeABLE Cause 
Kemedy , ' 

Probable C^use (5) 
RsroY ' 




- Loss OF RESIN . 

- .Add more zeolite 

- ^10t ehjough salt 'in brine • 
saturator ~ 

- Add MORE SALT TO BRINE ' 
'SATURATOR. ThE HEIGHT OF 
SALT IN THE BRINE 'SATURATOR 
MUST BE KEPT ABOVE THE 
MINIMUM LEVEL REGGMMErra 
BY" THE' SOR-ENER MWUFACTURER. ' 

- iNSUFFICIEf^' BRINE USED IN * ' 
RBKENERATION 

- The FULL AMOUNT OF BRINE 
CALLED FOR BY THE fV\NUFACTURER 
SHOULD BE APPLIED EACH 
REGENERATION.- MaKE SURE THE 

brine co^x:entp^tor is full. ' 
jf not adjust fill valve. 
..Also, check to make sure the 

FULL amount of brine IS DRAV/N 
DOWN DURING REGENERATION. If 
mi CHECK THE EDUCTOR AND THE 
. PRESENCE OF SALT BRIDGING. 

- iNSUFFICIBfT^BACKWASHING 

Se£ pROBLET^ CD-Probable Cause 

- Increase in hardness of raw 

WATER , - 

- .Any cIhange' in the hardtess o^^ ■ 
thk ra'*/ water .aspects the normal 

GALLONAGE. "HENEVER the HARDNESS 
0"^ THE RAW WER| CHANGES, THE . 
NOR,^V\L GALLONAGE OP SOFTEhiED ^ 

- WATER THE SOFTENER WILL DELIVER 
BET^^EEN REGENERATIONS SHOULD BE 
CORRECTED. " 

s£ (6) - Iron Fouling . * ^ 

FiF TH5-RAW mTEK CONTAINS MDRE 
THAN .J MG/l of iron, THE 
SOFTENER WILL BECOME IRON FOULED. 
To ALLEVIATE- THIS PROBLEM, RE- . 
GENERATE WITH SOblUM HYDROSULPIDE. 

Follow THE directions of the 
sodim hydro'sulfide manufacturer. 
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TROUBLE SI^TFIG 



' / 

I 



\ 



P'^f^jP' (2) cnMTTNiim 

ProbabI'f Taiisf (7) 
Kemedy 



■ PROBAB I F CaMSF (8) 

Kemedy 



Bacterial Fouling . 
if the raw '^later is not 
chlorindAied.^the possibility ■ 
■of bacterial fouling exists, 
to alleviate this problem, 
provide co^^■inu0us ghlori nation 
and,backv>iash longer. 

Organic Fouling • ' 
if' the raw mter is derived 

FROM A SURF;«:E water SOURCE 
THE POSSIBIi&IX 
FOULING EXISTS. 
TO BE NO WAY TO 
PROBLEM OTHER 
THE RESIN. 




ORGANIC 
;RE APPEARS 
iLVE THIS . 
TO REPUCE- 
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OV- Slow Regeneration or JIiffIculty in Drawing 

, PRdSABLE CaUSF (1) - iNSUFFICIEm- GRADING OF JtE 

2E0LITE IF THE TROUBLE IS 
• f ' EXPERIENCED 'when THE SOFTE^JER 

^ _ • • ' IS NEW, 
' • •■ \^3£mK ' IjACI<?>IASH.S0FTE6IER' TO REMOVE 
m ' ' FINES. If. BACKWASH RATE IS 

. ' ' ' inadequate- to remove fines^ 

open manhole and manually scrape 
' • ' " excess' fines off the top of the 
zeolite bed, ' ^ " 

^ Prqbab.le_Cmjs£ (2). - Packed salt in the brine 

. saturator*- ^ 
Reme dy^ " • Break up the salt cake a^id stir* 
^ with a rod. • — ^ ■ 

Probable Cause (3) '- Dirty and clogged gravel bed 
^ in the brine saturator. - 

KEfiEDY Remove salt and gravel bed 

\ - f^ROM THE BBIWe SATUPJ\TOR AND '■ 
. . \ CLEAN TANK. !\DD NBV GRAVEL BED 
• AND S.ALT. , 

Probable Cause (^}) - Jnsu'^ricient baqkivash 
^^TOY^ Se^PROBIF! (1) - Probable Cause (/!-} 

. * P r obable C a u sf. (5) - Obstruction in brine l^ne-. 

Remedy Remdve all brine pi-ping and "check 

for obstruction. .Iso check 

EDUCTOR- FOR an obstruction, 

■ P r obable Ca u se. (6) - Ijow operating pressure • 
Eemeey. Install booster pump. * ' 




(^0 - BiiOWN to 



Probable Cause (1) - Excessively high backs<wsh rates 
' OR a sudden jurge of water » 

through the -softener DU^NG 
BACW^ASH. - . 

Remedy - Drain, the softener by remdving 
■ tmE' drain PLUGj remove THE- 

- ZEOLITE, KEEPING. IX, separate- 

. and rb^ve the under beding. 
^ - . ^ Inspect the lower manifold for 
corroded or- damaged parts .and 
replace all found defective." 
Relay the underbeding,, using 
/ • • new material. - Replace the. old 
\ ■ 'zeolite in the softener and . 

add SUFFICIENT NEW ZEOLITE TO 
BRING THE LEVEL OF THE ZEOLITE' 
UP TO ThjE PROP^ POINT. 

1 ■ ' . 



■ { 



/ 



1,- Electric Solenoid 
\ 2.' MoTER Driven 



Water Operated 



s 
i 
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■ corn s, . 

1. Solo Control^ 

2. Stager Control ■ * 
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soLo-cmTRoi 




I MJLTI-VAI\/FA.S.SmBIYnffRATTnM 



Service 



Raw water enten the INLET of the 
control and »$ directed to the TOP OP 
TANK through open Port No. 1. Water ' 
• flovyf from the BOTTOM OF TANK to 
the OUTLET through open Port No. 2. 

N 




V ' ^^^^^ 
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ClisS PROBLEM #1 



The fallowtng softener has been in operation for a number of year.l 
with varying water quality. One possible reason *f or failure is 
inadequate design. . Evaluate the existing softener to determine 
whether thd design is adequate. 

'•Rav/ Wfiter ' * > ' • 

7" 

Calcium'- 12.25 grains/gal Ion ^ . . ^ 

Magnesium^ - 7. 6i> grains/gallon * ^ ^ . - 

Flow - 80,000 gallon per day ' ^: 
Max. Flow 157 gallons per minute " 



Softener - v , ■ * ' N_ 

► ^ ^ - , { 

Size - 60 inch diameter; '72 inch shell ^height ^ 
Resin - Rese x 5, capacity 20,000 grains/ft^, 90/ft3 
Backwash rate - 96 gallons -per minute 

Rrihe Tank * . ^ 

Size - 48 inch diameter; 48 inch shell height 



9 



What will l>e thl^cost'per day to soften the water^with ^the above- 
softener^^^h rack^salt cost of $?.45/8C^lbs. 



■J . 
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Handout for II3AAWS - Intermediate Ion Exchange Softening 

I. Introduction ' - ' 

A. PrinctpTe'S^f ion exchang e softening 

B. Preventative, maintenance for ion exchange softener 
Ct Laboratory control for ion exchange softener 

D. Safety for ion exchange softener - 

II. Design Evaluation of an Ion Exchange Softener 
A. Softener ' „ . * 

1. ^Ten St.aters St^dards ' - 

* * * * * 

AAJ2 Cation exchange process _ " 

Alternative methods of hardness reduction should be investigated when the sodium 
content and dissolved solids concentration is of concern. Iron.^^an^anese, or z. 
combfnation of the^tv^o, should not exceed 0.3 milligrams pe^ liter- in the v^ater as 
applied to the ion exchange resin, Pre-treatment is required v^hen the content of iron, 
manganese^or a combination of the two, is one milligcam per liter op more. 

4.4.2.1 Design , • • 

The units may be of prfssure or gravity type, of either an upflow or downflow 
design. Automatic regeneration based on volume of water^ softened should be used 
unless manual regeneration is justified and is approved by ^ e .revi ewing authority,- A 
ma'nual override shall be provided on all automatic controls, 

~k . • - . 

4.4.2.2 Exchange capacity 

, ^ ^ - — - 

The (design capacity for hardness removal should not exceed 20,000 grains per cubic 
' • foot when ^sin is regenerated with 0.3 pounds of salt per kilograin of hardness, 

^ removed. . ' » ' 

* 4.4.2.3 Depth of resin * v' - 

»' 

The depth'^qf the exchange itsJn should not be tess than three 'feet. 



4.4,Z4 Flow ratei 

The rate of softening should not exceed seven gallons per minute ^er square foot 6f 
• -bed^area and the backwash rate should be six to eight gallons per minute per square 
foot of bed area. : * . i . 



52 



4.4.2.5 Freeboard ^ 

The freeboard will depend upon the specific gravity of the resin and the direction 
-^of water flow. ' ' . * 



4.4.2.6 Underdrains ^nd supporting gravel 

The bottoms, strainer systems and support for the exchange resin shall conform to 
I criteria provided for rapid rate gravity filters. (see^Sections 4JJ.1.6 and 4^.1.7).. 

4.4.2.7 Brine distribution ^ ^ 

Facilities should be included for even distribution of the brine, over the entire 
surface of both upflow and downflow units. . > . ' 

■'•^* 

4.4.2.8 Cross connection control - ' 

Backwash, rinse and air relief discharge pipes shbuld be installed in such a manner 
as to prevent any possibility of back-siphonage/ - ' ^ 

4.4.2.9 Bypass <r ^ 

A byp^s must be provided around softening units to produce a blended watep of 
desirable hardness. Totalizing 'meters must be installed on. the bypass line and Off 
each .softener unit. An automatic proportioning or regulating device and shut-off 
, valve should be provided on the bypass line. In some installations it may be 

-necessary • to treat the bypassed water to obtain acceptable JeveJs of iron and/or ^ 
. manganese in the finished water. 



4.4.2.10 Additional limitations * 

Waters having five units or more turbidity should not be applied directly to the 
cation exchange softener. Silica gel resins, should not be used fo^waters having a f^K 
above 8.4 or containing less than six milligrams per liter silica and should' not \)e 
used when iron is present. When the applied water contains a chlorine residual the ' 
cation exchange resin shall be a type that is not damaged by residual. chlorines 
• Phenolic resin should not be used. " ^ ^ 

4.4.2.11 Sampling' .'hfB ' ^ 

•* . 

Smooth-nose sampling taps must be provicjed for the collection of representative 
$arnple$. The taps shall be located to provide for sampling of the softener influent? 
effloenf and blended .w^ter. The sampling taps for the blended water shall be at 
, lekt 2D feet downstream from the point* of bleodifig. Petcocks are npt acceptable as 
sampling taps. . - ^ .,v ' . ' ^• 




4Ai,14 Stabilization 

Stabilization loTlnjrrosTo^ shall be provided., {see Section 4.8.5). 

4.4.2.15 Waste disposal * ^ \^ 

r 

Suitable disposal must be provided for brine waste, (s^ Section 4.11). 

4.4.2.16 Construction material 

Pipes and contact rtiaterial^ must be resistant to the aggressiveness of salt 

4.4.2.17 Housing 

Salt storage shall be enclosed and separated from other operating areas in order to - 
prevent damage to equipment. > * 



4.11.2 Brine waste ' 

^ ^ The waste from ion exchange plants, demineraljzation plants, etc. may be disposed*of by 
controlled/€isdiarge to a 'stream if adequate dilution flow is available. Stream requirements 
1^ of the regulatory agency wiir conjKJrlhe ratd* of discharge. "Except when discharging to 
large waterways, a holdina tank of suffucient size should be provide<^ to allow the brine 
to be discharged over a tw§^ty-four hour period. Where ^discharging to a sanitary sewer, a 
holding tank may be required to prevent the overloading of the sewer and/or interference 
with the waste treatment processes. The effe^^of brine, discharge to sewage lagoons may 
depend on the rate of evaporation from the/Hgoons. ^ 



- B.. Brine Tank ' ^ - * ^ '\ \ 

4.4.2,12 Brine- and salt storage tanks ^ ^ * 

Brine measuring or salt dissolving tanks and wa|/ salt ^tcyage. facilities must be 
covered and must be constructed o( corrosion-resistant materiak J}ie make-up water 
Inlet must have a free fall discharge, of two pipe diameters aoove the maximum 
liquid level of the 4jnit or be otherwise protected from back-siphonage. Water for 
filling the tank should be distributed over the entire surface by pipes above the ' 
maximum l)rine l6vel in the tank. The salt shall be supported on graduated, layers of 
gravel uruJer which is ^ suit^le mear>i of collecting the brine. Wet salt storage 
. basins must be equipped* with manhole or hatchv^ay openings having. raisetJ curbs 
ap<f watertight covers having overhanging edges similar to those required for finished 
water reservoirs. Overflow, vyhere provided, must be turned dSwn, have a proper* free 
fall discharge and b<|,^rotected with corrosion^resistent screens or self*cIosing flap 
valves. • , . * , - 



4.4.2.13 Salt storagel'capactty 
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Salt stprage should *ave sufficient capacity to store in excels of^\% carload*^ ^ 
truc^toadi of salt, and provide* for at least 30 days of operation. ' 



Advanced Operation (Troubleshooting)' 

A. PROBLEM (1) - Reduced Flow ThVough^oftener 

• Probable Cause (1 )' - Lack o*f pressure at softener inlet. 

Remedy ? Install booster pump or increase pipe 
' size supplying softener. ^ 

\Probable Cause (2) - Cloaged screen , ' ' • , - 

\ Remedy Clean' or repl^ce^all wye screens and/or 

screens located in the meter. 
Probable Cause (3) /t Cfogged manifold ' , « 

Remedy - Backflow and clean with sod i um hydrosul fide. . • 
, Probable Cause (4) - Insufficient backwash 

^ Remedy - When a softener has not been backwashed 

. sufficiently .the zeolite bed becomes packed 
. ' / and dirty, fo-clfean the zeolite close all 

valves and remove manhole 'or handhole in the 
top of . the softener. Gradually open b^ac4<wash 
valve, letting water flow out the manhole or 
han-dhole until 'the top -of the zeolite bed is 
nearly level with the 'manhole. With water 
^ ' ' ^ " flowing out of the manhole, probe the entire' 

* zeolite bed^above the gravel layer vJith a rod. 

'Stir any packed sections until they are free. 
Continue to let the water flow from;the man- , * 
hole untij it conies clean. 
\^ CAUTION : Take care not to wash out any zeolite> 

B. ^ PROBLEM. (2) - Loss of Capacity • ' . . ^ 

Probable Cause (1)^ - Loss of Resin 

Remedy - Add more zeolite 
Proba^ble Cause (2) - Not enough salt- in brine saturator . . ' 

, Remedy - Add' more salt to brin"e saturator. The height 
— . of salt in the brine satiiraton must be kept 

. * ' above the' minimum level recommended by the , 

X sdf^tfener manufa|:ter. [ 

' Probable Cause (3) - Ins.uff icient br'ine ^used ,in regeneratiqn . 

Remedy - The full arpountj of "briae caMed for' by tl;ie: . 
r ' . ^ manufacturer should be applied each regeneration.' 

Make sure the brine concentrator is .full. If not, 
• \ i*^ ^ 5 adjust fill valine. Also check jto make sufe^ th^e 

' ' I , ' , fulT amourit of iDVine is drawn down during regenera- 

, , ' ^ i ' ^ tion^ *If not ^eck the eductcjr and the fir|9sence , 
• " \ - ' oY salt bridging. ! . ' 

^ Probable Cause (4) - Insufficient bapkwashing ;\ * [.^ 

r ^ \! Reinedy ■ - See PROBLEI^ ' ' ^ . - 

r *• . ^ Probable Cause ;(^) ^ ^ . ' 

Pr'tibable Cau^e ,(5) - IncVe&se ip,, hardness of raw ^water ^ 

Remedy Any ch'ange in tne hardness of\the raw water affects 
\^ the normal igallX)nage. Whenever the hardness of the 
^ » raw-^water rchan^es the normal -gal lonige of softened 

-water the softener will deliver between regenerations 
should'^be corre^cted. ^ 
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Remedy 



Probable CausQ (7) 
' Remedy 



Probable Xause ''(6) > Iron Fouling ' ^ ^ 

- If the raw water contains ^more than .3 mg/1 
of iron, the softener will becpme iron fouled*, 
To alleviate this problem, regenerate with 
sodium -hydrosulfide. Follow the diaections. 
of the s'bdium hydrosulfide manufacturer; - ^ * 

- Bacterial Fouling 

- If the raw water is not chlorinated, the 
possibflity of bacterial fouling exists. To" 
'^alleviate thiS problem, provide continuous 
chlorination and backwash longer. ' , 

Probable Cause (8) - Organic Foul ins 

If the raw water is derived from 'a surface 
.water source^the possibility of organic 
fouling exists. There appears to be- no ^ 
way to solve this problem other than to 
rfeplace the resin; 



Remedy 



PROBLEM (3) — SIW Reaeneration or Diffic^Hy in Drawing Brine 



Probahl? Cause (1) - 



1 



Remecjy 



Probable' Cause (2). 

/ Remedy 
Prdibable; C^use (3) 



rod. 





\ . Remedy 


' Pr 


|)bable pause (4) - 


Pr 


1 ; Remedy ' - 
pbable Cause (5) - 




; Remedy 


Pr 


)bable ^:ause (6) r 


• ( ' . Remedy 
PROBLEM. (*.) - Blbwn Bed 


Pr( 


^able Cause (1) i 




. i . 

' t \ Remedy 




i 



Insufficient grading of the zeolite if the 
trouble is experienced when the softener is . 
new, 

Backwash softener to remove fines. Jf back^- • 
^wash rate is inadequate to remove fines, ^pen- 
manhole and manually scrap excess fines off the 
top oT the zeolite bed. 
Packed salt in the brine saturator.* 
Break up the sail cake and stir with a 
Dirty aqd clogged gravel bed in the brine 
saturator; ^ 
Remove sal.t and gravel bed from the brine . 
saturator and clean' tank. Add new^grSve^l 
bed and salt. 
Insuffiaient backwash 
See ProljTem (1) - Probable cause (4) 
Obstruction in brine lime. I 
Remove a^Tl brine piping and check for obstruc- 
tion^ A3so check e^uctor for aq obstruction. 
Low operating po^essure. ' ■ 
Install* bcroster pump. \ ' 

Excessively high backwash rates or a su'^den' 
surge oj^ater through the softener durijng 
b^ckwas^/ ^ I 

Drain tffie softener by remoi^ing the drain plug; 
remove the zeolite, keeping it separate, and 
remove the underbedding. Inspect the lower 
manifolcl for corroded or dartiaged parts, and 
replace^ all found defective. Relay the under- 
bedding) using new ^naterial . Replace the old 
zeolite' in the' softener and add sufficient 
new zeolite^ bring the level of the z'eolite 
up to the proper point. < 
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Equipment Maintenance and Repair 

A. Sensors 

• 1 . Intank , probes 

2. Downstream probes 

3. Automatic Titrators 

B. VaOves 

1 . Electri}: solenoid 

2. Motor driwn 

3. Water operated 

C. Controls 

1*. Solo control. 
2\ Stager i ' 
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Examination for II3AAWS - Intermediate Ion Exchange Softening 



1. For each mg/1 of calcium removed 



into the water in ion exchange softening. 



{_ mg/1 of sodium are released 



2. List four periodic checks necessary for a good preventative maintenance 
program on an ion exchange softener. 



b. 
c. 
d. 



3. List the five factors affecting water stabilization. 



a. 
b. 
c. 
d. 
e. 



4. A blown bed is usually catised by_ 



5. List two types of control eormidnly used on ion exchange softeners- 



a. 
b. 



6. Salt storage^should be adequate to handle* 



days of sail usjaae. 



1- 



List six causes of lost dapacity in ion exchange softeniilg 

b. . - 

c. ■ * u ' ■ , ■ . 

'e . ^- : 

f. , . \ ^ ■ ' ^ 

TRULOR FALSE - CIRCLE THE CORfeECT 'ANSWER 

8. Softeners shou^ld be operated at 2/3 capacity and* re^generated' 
at"\3 lb salt/;,VOOO grains removed. * 



or 



T or F 



T 
T 



or 



9. Softeners in Ilowa afe deigned under the "Ten States S^ndarjds". 
10. Water activated valves would work well in all types of waters. 



or F 11. Reduced flow tjKrough .a softener can always b*e solved by increasing 
^ the length of jbackwfish. • • . • *' j 

or F 12. Organically f6uled resins can be cleaned by using a solution of ' 
sodium hydrosijlfide/ . ♦ . < ^ 
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13, 



Mo.st softeners, need cohtinuous online monitoring for 
adequate control .of the softener; . *^ 



^ F 14. Ion exchange softened water; has all the clacium and 

magnesiun^ removed and therefbre is not a corrosive water. 

F 15. .A packed ion exchange bed can be corrected by backwashing 
longer. ' . 

F 16/ If tb"e support grav^el bed 'for the softener becomes dts-~ 
turbed, it can be corrected by increasing the backwash ' 
rate. _ 

F 17. loi^ exchange softeners can soften water containing 1.0 
^ rag/1 of iron with no adverse affect on the softener. 
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